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the presence of antiallotypic antibodies in the patient's serum 
can be obtained by testing the serum against a panel of lym-
phocytes. The use of a panel of lymphocytes frozen and stored 
in Terasaki tissue typing trays was found to expedite such 
screening (8). It is being suggested that quick screening should 
be carried out for all prospective recipients to estimate the 
probability of a positive crossmatch against a random donor. 
By using lymphocytes frozen in Terasaki trays, a quick screen-
ing could be carried out for all patients within a matter of about 
5 hr. A patient reacting with 50% of the panel members has 
roughly a 50% chance of having a positive crossmatch with a 
random donor. It may, at times, not be possible to wait for the 
crossmatch results before transplantation; under stich circum-
stances, knowing the probability of a positive crossmatch 
against a random donor may facilitate the decision for und er-
taking 01' not undertaking a transplant. We are in agreement 
with the recommendation of Weil et a!. (5) that cardiac trans-
plantation should not be done in the presence of a positive, 
warm T cell crossmatch unless the patient is not likely to 
survive long enough to wait for another organ. 
In summary, we have described a patient who had cytotoxic 
antibodies to 50% of the members of a random panel and had 
a positive, warm T cell crossmatch with the donor lymphocytes. 
The cardiac transplant suffered transient vasculitis, but did not 
und ergo hyperacute rejection. Evidence for humoral rejection, 
i.e., positive direct immunofluorescence and positive cross-
matches, waned despite initial positivity. Humoral and cellular 
rejection were present simultaneously in the initial period, but 
were discordant after the initial 2 weeks. It is suggested that 
quick screening for lymphocytotoxic antibodies be carried out 
using lymphocytes frozen in Terasaki typing trays to determine 
the likelihood of a positive crossmatch. Whenever possible, 
transplantation in the face of a positive crossmatch should be 
avoided. 
Acknowledgments. We are grateful to Dr. N. R. Dunn and her staff 
for their kind cooperation. 
GURMUKH SINGH 
BRUCE S. RABIN 
MARK E. THOMPSON 
HOBERT HARDESTY 
BARTLEY GRIFFITH 
HENRY T. BAHNSON 
THOMAS STARZL 
Division of Clinicallmmunopathology 
Department of Pathology 
Division of Cardiology 
Departments of Medicine and Surgery 
University of Pittsburgh School of Medicine 
Pittsburgh, Pennsylvania 15261 
LITERATURE CI TED 
1. Iwatsuki S, Iwaki Y, Kano T, et al. Successfulliver transplantation 
from crossmatch-positive donor. Transplant Proc 1981; 13: 286. 
2. Patel R, Terasaki PI. Significance of the positive crossmatch in 
kidney transplantation. N Engl J Med 1969; 280: 735. 
3. Guttmann RD. Renal transplantation. N Engl J Med 1979; 301: 
975. 
4. Jeannet M, Benzonana G, Ami 1. Donor-specific Band T lympho· 
cyte antibodies and kidney graft survivaI. Transplantation 1981; 
31: 160. 
5. Weil III R, Clarke DR, Iwaki Y, et al. Hyperacute rejection of a 
transplanted human heart. Transplantation 1981; 32: 71. 
6. Baumgartner WA, Reitz BA, Oyer PE, Stinson EB, Shumway NE. 
Cardiac homotransplantation. CUIT Probl Surg 1979; 16: 1. 
7. van Rood JJ, van Leeuwen A, Plovem JS. Simultaneous detection 
of two cell populations by two-colour fluorescence and applica-
tion to the recognition of B-cell determinants. Nature 1976; 262: 
795. 
8. Goldstein AS, Hubbard MC, Barry JM. A simple method for 
freezing lymphocytes in microtest plates. Am J Clin Pathol 1981; 
75: 221. 
Received 11 December 1981. 
Accepted 22.January 1982. 
VALUE OF A PHYSIOLOGICAL LIVER TRANSPLANT MODEL IN RATS 
INDUCTION OF SPECIFIC GRAFT TOLERANCE IN A FULLY ALLOGENEIC STRAIN COMBINATION' 
With the one known exception of spontaneous graft tolerance, 
DA ~ PVG (1,2), fully allogeneic rat liver transplantation 
(RL T) still shows very poar results, whereas in more than one 
semiallogeneic eombination speeific transplantation tolerance 
has been achieved (3,4). RLT, whether peIformed in an aux-
iliary heterotopic model (4) 01' in variously modified orthotopic 
models (1,5-7), has, so far, not yet been immunologically 
analyzed after reanastomosis of the hepatic artery. Major com-
plications after HL T, such as biliary peritonitis and bile duct 
necrosis, may be attributable to the lack of arterial blood 
supply. 
Improving the modified orthotopic technique described by 
Lee et a1. (8), by reanastomosing the hepatic artery, syngeneic 
LEW and fully allogeneic BN livers were graf ted into LEW 
recipients. In comparison of the results of transplantations 
performed with reanastomosis of the hepatic artery (REAHT) 
to those performed under nonrearterialized (Non-REART) con-
1 This work was supported by the Deutsche Forschungsgemeinschaft 
in SFB llI, B 9. 
ditions, we will show: (1) dramatie increase of isograft. survival 
using the optimized technique, (2) improvement of graft mor-
phülogy, (3) elimination of unspecific cell-mediated in vitro 
reactivity, and (4) specific transplantation tolerance in the fully 
allogeneic BN ~ LEW combination. 
By using the inbred rat strains LEW (RT1 1) and BN (RTln ), 
the following foul' combinations were studied: LEW ~ LEW 
Non-REART, n = 22, REART, n = 17 and BN ~ LEW Non-
REART, n = 8, RE ART, n = 12. RL T (Non-REART) was 
performed with the modified orthotopic Lee technique (8) 
using a polyethylene cuff for bile duet anastomosis. In REART 
rats in addition to suprahepatic inferior vena cava anastomosis, 
portal vein anastomosis and anastomosis of the infrahepatic 
inferior vena cava, the aorta of the donor, bearing the celiac 
axis and the hepatic artery, was anastomosed in an end to side 
fashion to the recipient's infrarenal aorta. Mean operation time 
for Non-HEART rats was 45 min, for REAHT rats 70 min. 
Survival rates were evaluated and morphologie al studies of the 
liver (open liver biopsies were taken at day 10 and then in 4-
week intervals) were performed in every surviving anima!. Cell-
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FIGURE 1. Survival of liver graft recipients with or without reanas-
tomosis ofthe hepatic artery. a: syngeneic group LEW --> LEW; b: fully 
allogeneic group BN --> LEW. 
mediated cytotoxicity (CMC) using LEW fibroblasts as targets 
was tested with the MCA (9), comparing reactivity in the 
blood, spleen, peripheral, and mesenteric lymph no des and 
Peyer patches. Tolerance was tested by grafting donor (BN) 
and third-party (F344) strain skin onto long-term survivors. 
The foIlowing results were obtained. 
Survival rates. In the syngeneic LEW ~ LEW combination, 
survival of liver graft recipients greatly improved from 45% in 
the Non-REART group to 80% in the REART group for the 
90th day (Fig. la). Four LEW rats bearing REART isografts 
are still alive and weIl at 240, 256, 280, and 360 days postoper-
atively. In the fuIly aIlogeneic BN ~ LEW combination, sur-
vival of REART recipients was 70% beyond day 90, while every 
one of the Non-REART rats died by day 22 postoperatively 
(Fig. Ib), showing severe signs of graft rejection. Bile duct 
necrosis and biliary peritonitis, which were very common in the 
Non-REART syngeneic as weIl as in the nonsurviving Non-
REART aIlogeneic graft recipients, and which often proved to 
be fatal complications, completely disappeared in the REART 
individuals of both experimental groups. 
Graft morphology. Fibrosis of the liver and massive periportal 
infIltrations seen in Non-REART syngeneic recipients disap-
peared completely in REART rats (Fig. 2). Even in long-term 
survivors the syngeneic transplant could not be distinguished 
from anormalliver. In contrast to strong periportal and intra-
hepatic monon~clear ceIl infiltrations in the Non-REART BN 
~ LEW group, such infiltrations were restricted to the peripor-
tal field in the REART group and decreased constantly after 
day 14 postoperatively. 
Cell-mediated reactivity. Unexpectedly, the Non-REART 
syngeneic LEW r:.l.ts showed strong unspecific cell-mediated in 
vitro reactivity in blood, spleen, peripheral, and mesenteric 
lymph no des and Peyer patches, when tested at day 25 post-
operatively against syngeneic LEW fibroblasts. When the 
RE ART syngeneic LEW recipients were tested in the same 
way, it was seen, that CMC was reduced to zero in aillymphatic 
compartments. Thus, the basis for in vitro determination of 
specific alloimmune reactivity appears to be set and experi-
ments analyzing CMC in RE ART LEW recipients with BN 
aIlografts are in progress. 
Transplantation tolerance. Four long-term survivors in the 
REART BN ~ LEW group accepted donor-specific (BN) skin 
grafts (transplanted on day 50 postoperatively) unlimitedly, 
while rejecting third-party skin (F344) in the normal way (mean 
= 11.8 ± 0.4 days). Thus, reanastomosis of the hepatic artery 
allows for specific transplantation tolerance in a fully allogeneic 
strain combination, which so far has been known to be tolerant 
only in the related semiallogeneic system (4). 
Reanastomosis of the hepatic artery in orthotopic RLT, on 
the one side, demanding the most intensive training and skill of 
the microsurgeon, or improvements in cuff techniques for ve-
nous anatomoses as described by Limmer et al. (6) and Miyata 
et al. (7) on the other side, are two different approaches aiming 
at the same target: prevention of more or less fatal nonimmu-
nological processes after orthotopic RL T in isograft recipients 
in order to be able to study immunological and morphological 
parameters successfully in allograft recipients . 
The results obtained in LEW rats with REART isografts are 
striking: The increase of survival is about 100% compared with 
the reports of Limmer et al. (6) for two syngeneic groups, W AG 
and PVG. Biliary peritonitis and necrosis, which, according to 
Kamada and Calne (5) are far too often causes of graft failure, 
are completely eliminated. The histological finding that the 
REART isograft does not differ from the normal li ver is an 
indication of an intact organ structure, which is necessary for 
an unimpaired function. The elimination of unspecific CMC 
aIlows an unbiased analysis of the specific status of liver allo-
graft recipients. 
It may be pointed out that specific transplantation tolerance 
could be achieved in the fuIly aIlogeneic BN ~ LEW combi-
nation only on the basis of the microsurgical improvements 
reflected by the morphological and functional data presented 
above. 
Acknowledgment. We are indebted to Mrs. Blunck for her technical 
assistance. 
RAINER ENGEMANN 
KAREN ULRICHS 
ARNULF THIEDE 
WOLF GANG MÜLLER-RuCHHOLTZ 
HORST HAMELMANN 
Department of General Surgery 
University of Kiel 
Hospitalstr.40 
D-2300 Kiel 
Department of Immunology 
University of Kiel 
Brunswiker Strasse 2-6 
D-2300 Kiel, Federal Republic of Ger 
568 TRANSPLANTATION Vo!. 33, No. 5 
LITERATURE CITED 
1. Kamada N, Brons G, Davies HffS. Fully allogeneic liver grafting in 
rats induces astate of systemic nonreactivity to donor transplan-
tation antigens. Transplantation 1980; 29: 429. 
2. Kamada N, Davies HffS, Roser B. Reversal of transplantation 
immunity by liver grafting. Nature 1981; 292: 840. 
3. Houssin D, Gigou M, Franco D, Szekely AM, Bismuth H. Sponta-
neous long-term survival of liver allograft in inbred strains of 
rats. Transplant Proc 1979; 11: 567. 
4. Houssin D, Gigou M, Franco D, Bismuth H. Specific transplanta-
tion tolerance induced by spontaneously tolerated liver allograft 
in inbred strains of rats. Transplantation 1980; 29: 418. 
5. Kamada N, Calne RY. Orthotopic liver transplantation in the rat. 
Technique using cuff for portal vein anastomosis and biliary 
FIGURE 2. Morphology of syngeneic 
liver grafts with (a) or without (b) rean-
astomosis of the hepatic artery. a: com-
plete disappearance of fibrosis and intra-
hepatic mononuclear cell infiltrations; b: 
liver fibrosis and massive intrahepatic 
mononuclear cell infiltrations. 
drainage. Transplantation 1979; 28: 47. 
6. Limmer J, Herbertson BM, Calne RY. Orthotopic rat liver trans-
plantation using different combinations of four inbred strains. 
Eur Surg Res 1980; 12: 343. 
7. Miyata M, Fischer JH, Fuhs M, Isselhard W, Kasai Y. A simple 
method for orthotopic liver transplantation in the rat. Trans-
plantation 1980; 30: 335. 
8. Lee S, Charters AC, Orloff MG. Simplified technic for orthotopic 
liver transplantation in the rat. Am J Surg 1975; 130: 38. 
9. Takasugi M, Klein E. A microassay for cell-mediated immunity. 
Transplantation 1970; 9: 219. 
Received 30 November 1981. 
Accepted 25 January 1982. 
